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ABSTRACT OF THE DISCLOSURE 
A method of producing a titanium carbide-containing, 

hard metallic composition capable of being formed into 
articles of high toughness by standard powder metallurgi 
cal techniques, the composition comprising, as a major 
component, titanium carbide and one or more hetero 
geneous carbides selected from the group consisting of 
tungsten carbide, tantalum carbide and niobium carbide, 
and as a minor component, one or more metals selected 
from the group consisting of molybdenum, tantalum, and 
tungsten, and one or more iron group metals or iron 
group metal based alloys, characterized by preliminarily 
heating a powdery mixture composed of titanium carbide 
and at least one of the foregoing metals selected from 
the group consisting of molybdenum, tantalum and tung 
sten, to cause the formation of a solid solution carbide, 
and crushing the resulting bonded mass consisting of the 
solid solution carbide into a fine powder which is ready 
for use as raw material powder from which said metallic 
articles are produced. 
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BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention relates to a method of produc 
ing a hard metallic composition which comprises, as major 
ingredients, titanium carbide and one or more carbides, 
such as, tungsten carbide, tantalum carbide, niobium car 
bide and the like, and, as minor ingredients, one or more 
metals, such as, molybdenum, tantalum and tungsten, and 
one or more metals of the iron group, or one or more iron 
group metal based alloys. It is a primary object of this 
invention to provide a metallic composition exhibiting 
high hardness and toughness. 
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Description of the prior art 50 

Among various cemented carbides which have been 
widely used, most alloys are composed of, as a main com 
ponent, tungsten carbide, as an auxiliary component one 
or more heterogeneous carbides, and a metal of the iron 55 
group, such as, cobalt, which serves as a binding agent. 
In such cemented carbides, the presence or incorporation 
of the foregoing heterogeneous carbide is not always 
necessary. The term "heterogeneous carbide' is desig 
nated, for convenience, with the intention of indicating a 
carbide other than tungsten carbide, such as, titanium car 
bide, tantalum carbide, niobium carbide, and the like. 

In the production of such cemented carbides, contain 
ing the heterogeneous carbide, the incorporation of tita 
nium carbide is effected in order to impart the Superior 
heat resistance and high hardness, inherent in the titanium 
carbide cemented alloy, whereby there is produced a supe 
rior alloy (metallic composition) exhibiting high hardness, 
high oxidation resistance, and high cratering resistance. 
The material is suitable for use in cutting tools for steel. 
Since the incorporation of titanium carbide simultane 
ously brings the unfavorable result of lowering the tough 
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ness thereof, the second heterogeneous carbide or car 
bides, such as tantalum carbide and niobium carbide, are 
frequently incorporated or added, in combination there 
with, at the same time, for the purpose of making up the 
foregoing deficiency. Among these heterogeneous car 
bides, titanium carbide is especially added in the form of 
either a solid solution carbide with tungsten carbide or a 
solid solution carbide with tungsten carbide and tantalum 
carbide in general, with the intention of preventing the 
toughness from being lowered upon the addition, without 
decreasing the effect of the addition of titanium carbide. 
In spite of the painstaking designs as are taken in the ad 
dition of the secondary heterogeneous carbide or in the 
employment of a solid solution carbide, a lowering in 
the toughness of the alloy upon the addition of titanium 
carbide cannot be avoided. In the case of alloys for steel 
cutting, for example, the amount of titanium carbide to be 
added is restricted within a certain range mainly from the 
viewpoint of preserving toughness, and the titanium car 
bide content of alloys is usually not greater than 20% by 
weight. 
As for titanium carbide base cermets, i.e., metallic 

compositions which comprise a large proportion of tita 
nium carbide and the balance of one or more heterogen 
eous carbides selected from the group consisting of tan 
talum carbide, niobium carbide, molybdenum carbide, 
vanadium carbide, chromium carbide and the like, in 
clusive of an iron group metal or iron group metal based 
alloy serving as a binding agent, the proportion of the 
heterogeneous carbide being zero in some cases, they are 
generally used as materials for high temperature use. In 
this case, a heterogeneous carbide or carbides are added 
in the form of either a single carbide or a solid solution 
carbide. The foregoing cermets, suitable for use as a 
heat resisting material, generally contain 40-50% by 
weight of binder metal and have poor wear resistance due 
to low hardness, therefore they are unfit for tool materials. 
Even if the hardness thereof is increased by lowering the 
content of binder metal, they remain as unfit as ever be 
cause the brittleness thereof becomes too great. 

In the production of a metallic composition or alloy 
which has an improved or lower brittleness, as well as 
sufficient hardness and toughness for use as tool mate 
rials, it has been known that the addition of one or more 
metals, such as, molybdenum, tantalum and tungsten is 
effective. To this end there is chiefly employed TiC-Ni-Mo 
alloys. Since the foregoing cermet for use as tool mate 
rials, however, contains generally as large an amount of 
titanium carbide as from 50 to 80 percent by weight, it 
is inferior to cemented carbides with respect to toughness 
and has poor thermal shock properties and low thermal 
conductivity, so that a limitation is placed on the range of 
its use in some cases, even in the field of steel cutting. 
As will be clearly understood from the facts hereinbe 

fore described, a titanium carbide containing metallic 
composition or alloy has a low degree of toughness due to 
the titanium carbide which itself is brittle, thereby some 
limitations are frequently imposed on the content of tita 
nium carbide and the range of use thereof. Therefore, it 
is very important to produce a metallic composition or 
alloy of the class and exhibiting a superior toughness. 

Although the reason why the toughness of a metallic 
composition is improved by the addition of metal such 
as molybdenum has not yet been completely explained, 
the effect of molybdenum addition, in the case of a TiC 
Ni-Mo alloy, may be explained by the following mecha 
nism: It has been known that molybdenum becomes 
ready for conversion into MoC at about 800° C., during 
sintering, is nearly completely carburized at about 1000 
C., and forms a solid solution carbide with titanium car 
bide at about 1200° C. The surfaces of titanium carbide 
grains are coated with the solid solution carbide 
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3 4. 
(TiCMoC) Example 

aS thus formed. During the course of the reactions just Powdery titanium carbide, metallic nickel and molyb 
described, molybdenum reacts first with free carbon con- denum are weighed to prodice 500 g. of a powder mix 
tained in titanium carbide powder as a raw material, to ture of the composition: 75% iC36% Ni St. Moon 
form a carbide, so that it may be concluded that the 5 a weight basis. The mixture is subjected to a wet milling 
molybdenum serves to increase the purity of the raw for 50 hrs., together with TiC-Ni-Mo balls and acetone, 
tail E. In atti to Ea E. sis li in a 2 liter ball-milling pot lined with Hastelloy B. After carbide (TiCMoC) which is produced subsequently evaporating off acetone to dryness, the milled powder is 
forms a rigid bond with a binder metal, because it has a mixed with a 3% by weight solution of paraffin dissolved 
higher wettability for nickel than that of titanium car- 10 in carbon tetrachloride in a concentration of 10% by 
bide, so that it may be reasonable to conclude that the weight, and is closely stirred to evaporate off the carbon 
mutual bonding among hard phases with the advance of tetrachloride, followed by sieving through a No. 8 mesh. 
grain growth is controlled, with an improvement in the The powder is shaped into a compact under pressure of 
toughness. 15 0.5 t./sq. cm. while using a cylindrical die of 50 mm. 

SUMMARY OF THE INVENTION diameter, and the compact is heated to 600° C. in a 
hydrogen furnace to remove paraffin therefrom. Although 
paraffin is used to form a compact of possibly high den 
sity, while with the intention of accelerating the reaction 

20 of molybdenum with titanium carbide, the addition of 
paraffin is not always necessary. In other words, molyb 
denum can favorably be activated by suitably controlling 
the milling condition and/or the grain size in place of 
effecting such a shaping procedure. Nickel is also added 
for the purpose of accelerating the reaction of molyb 
denum, and exhibits a very high effectiveness even in a 
Small amount, as low as a few percent. The addition of 
nickel has rather a reverse effect in a large amount, in 
certain cases, so that there is no necessity for strictly 

30 adjusting the amount thereof. The compact is heated to 
1200 C., for 2 hours, in a vacuum furnace maintained 
under pressure of 104 mm. Hg, after the removal of 
paraffin. By means of an X-ray defraction method car 
ried out in the cold condition, it is confirmed that molyb 

35 denum is converted into a carbide MoC, and then into a 
solid solution carbide, TiCMoC, upon heating. Since a 
sintered body thus produced is of a very high porosity, 
it is easily crushed into a fine powder below 80 mesh in 
size while using a mortar. By the term "cermet powder, 

40 I mean for the present context, the fine powder thus ob 
tained. 
To prepare 1 kg. of a powdery blend of the composi 

tion: 30% TiC-46% WC-10% TaC-12% Ni-2% 
Moon weight basis, the foregoing cermet powder, tung 
sten carbide, tantalum carbide and nickel are weighed 
and mixed with one another (see "TWC' in Table I). 
With the intention of preparing two powdery blends 

To add one or more heterogeneous carbides such as (TWA" and "TWB") of the same composition as the 
tungsten carbide, tantalum carbide and niobium carbide to TWC and to be compared with the TWC the same to a metallic composition or alloy of this kind, some procedure as in the preparation of the "TWC' is repeated 

With the intention of extending the range of use of a 
hard metallic composition composed mainly of titanium 
carbide by improving the toughness thereof and by in 
creasing further its thermal shock resistance and thermal 
conductivity, a hard metallic composition or alloy of 
this kind is further incorporated with one or more hetero 
geneous carbides such as tungsten carbide, tantalum car 
bide, niobium carbide and the like, in accordance with the 
method of this invention. More particularly, a blend 2 
composed of titanium carbide, one or more metals se 
lected from the group consisting of molybdenum, tan 
talum and tungsten, and iron group metals or iron group 
metal based alloys, if desired, the latter being omitted, 
is first heated in principle to a temperature below an 
eutectic point at which there is observed the formation 
of a liquid phase, to convert molybdenum, etc., into car 
bides and then into solid solution carbides. The resulting 
bound mass thus produced is subjected to crushing to pre 
pare a raw material powder for the successive process. 
Secondarily, the foregoing raw material powder composed 
of solid solution carbides and iron group metals or the 
metal based alloys, is combined with one or more mate 
rials selected from the group consisting of tungsten car 
bide, tantalum carbide and niobium carbide in the form 
of a single carbide or a solid solution carbide, if necessary, 
together with a properly calculated additional amount of 
iron group metal or the iron group metal based alloy, to 
prepare a powdery batch from which a hard metallic 45 
composition or alloy exhibiting a high toughness is pro 
duced by the application of powder metallurgical tech 
niques. 

methods are available; first, these carbides may be added with the exception that the titanium carbides to be in 
thereto in the form of a single carbide; and second, corporated are of the single carbide form for the "TW 
they may be added thereto in the form of a solid solution and of the solid solution carbide form comprising titani 
carbide with titanium, as in the case where a cemented 55 m carbide, tungsten carbide and tantalum carbide, for 
carbide is prepared, Comparing a metallic composition the “TWB.' 

TABLE I 
Composition of a powdery blend from which a metallic composition (30%. Tic-46% WC-10% TaC-12% Ni-2% 

Mo) is produced on a percent by weight basis 
50 WC-30 

Cermet 50 WC-50 TiC TiC-20 TaC 
powder TiC WC TaC solid solution solid solution Ni Mo 

TWA----------------- 30 46 10 -------------------------------- 12 2 
TWB----------------------------- 6 ------------ 30 50 12 2 
TWC 40 ------------ 46 10 -------------------------------- 4 ---------- 

produced in accordance with the method of this inven- Each mixture is subjected to wet milling for 96 hours, 
tion with that which was produced while employing any mixed with 3% by weight of paraffin and shaped into 
of prior methods of adding heterogeneous carbides, it a compact of the dimensions 6.3 x 6.3 x 32 mm.3 under 
was confirmed that the former had a toughness far higher 70 a pressure of 1 t./cm. as in the case of preparing the 
and a hardness higher than the latter. cermet powder. The compact is heated to 600° C., for 1 
DETAILED DESCRIPTION OF THE INVENTION hour in a hydrogen furnace to remove paraffin, and is 
The present invention will now be more closely de- then sintered for two hours under a reduced pressure of 

scribed by the following example, 75 104 mm. Hg, in vacuo. Each metallic composition thus 
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produced is of good porosity, and their characteristics are 
tabulated in Table II. 

TABLE II 
Characteristics of metallic compositions produced in accordance with the 

method of this invention and prior art methods 
Transverse 

Hardness Rupture 
(Rockwell Strength 

Density A. Scale) (kg/mm.9) 
Metallic composition of this inven 
tion (TWC).--------------------- Metallic composition containing 
carbides added in the form of a 
SEE carbide (TWA).------------- Metallic composition containing 
carbides added in the form of a 
solid solution carbide (TWB).----- 

8.86 91.1 186 

8.79 90.5 146 

8.55 89.7 117 

As can clearly be seen from the example above de 
Scribed, a metallic composition produced in accordance 
with the method of this invention has a toughness far 
higher and a hardness higher than any of the above com 
pared metallic compositions which are identical therewith 
in point of chemical composition but are produced accord 
ing to other methods. In spite of a relatively high titani 
um carbide content (30% on weight basis), which is con 
siderably higher than in ordinary cemented carbides of the 
metallic composition of this invention, it exhibits a trans 
Verse rupture strength higher than and a hardness approxi 
mately equal with that of the cemented carbide so that it 
may be concluded that the metallic composition of this 
invention is superior to any of conventional cemented 
carbides, when viewed as a titanium carbide containing 
alloy. 

Table III shows results of a series of experiments in 
which a metallic composition of this invention and a con 
ventional cemented tungsten carbide for steel cutting use 
are tested to see their cutting efficiencies in the case where 
the side face of a ring-shaped article is cut. From the re 
sults showing the fact that the amount of wear of the 
former at the cutting edge is very small and the former 
has a very long durable time of life against fatigue caused 
by repeated applications of heat and stress at the time of 
cutting, it may be concluded that the former is superior 
to the latter. 

TABLE III 

Experimental results from a series of tests carried out to 
see cutting efficiencies of a metallic composition of this 
invention and of a cemented tungsten carbide for steel 
cutting use 

Kind of alloy: Number of articles cut 
Metallic composition of this invention 
(TWC) ----------------------------- 2683 

Super hard alloy of the WC system (P20).--- 945 
Cutting conditions: 

Cutting machines-Automatic engine lathe of the ex 
clusive use type. 

Material to be cut-High carbon chromium bearing 
steel (SUJ 2): 47 mm. p. x 39 mm. p. x 14 mm. 

Peripheral cutting speed-130 m/min. 
Depth of cut-0.7-1.0 mm. 
Feed-0.4 mm./rev. 

From the descriptions hereinbefore stated, it may there 
fore, be reasonable to conclude that titanium carbide con 
taining metallic compositions produced in accordance 
with the method of this invention have a wide range of 
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6 
uses, for example, as high temperature materials, bear 
ing materials, as well as steel cutting tool materials, 
which have previously been satisfied with cemented tung 
sten carbides. 
What is claimed is: 
1. A method of producing a titanium- carbide-con 

taining, hard metallic composition capable of being 
formed into articles of high toughness by standard powder 
metallurgical techniques, comprising preliminary heating 
a powdery mixture composed of titanium carbide and at 
least one of the metals selected from the group con 
sisting of molybdenum, tantalum and tungsten, whereby 
a solid solution carbide is formed, crushing the re 
sulting bonded mass consisting of said solid solution 
carbide into a fine powder, combining said fine powder 
with a heterogeneous carbide selected from the group 
consisting of tungsten carbide, tantalum carbide and 
niobium carbide, said heterogeneous carbide being in 
the form of a single carbide or a solid solution carbide, 
wet milling the resulting mixture with an organic solvent, 
shaping the mixture into a compact, heating said compact 
to remove said solvent and sintering under a reduced 
pressure in vacuo. 

2. The method of claim 1 further comprising adding 
to said powdery mixture a metal selected from the group 
consisting of an iron group metal and iron group metal 
based alloys. 

3. A composition produced by a method according to 
claim 1, said composition comprising, as a major com 
ponent, titanium carbide and at least one heterogeneous 
carbide selected from the group consisting of tungsten 
carbide, tantalum carbide and niobium carbide, and, as a 
minor component, at least one metal selected from the 
group consisting of molybdenum, tantalum, and tungsten, 
and a member selected from the group consisting of an 
iron group metal and an iron group metal based alloy. 

4. A composition produced by a method according to 
claim 2, said composition comprising, as a major com 
ponent, titanium carbide and at least one heterogeneous 
carbide selected from the group consisting of tungsten 
carbide, tantalum carbide and niobium carbide, and, as 
a minor component, at least one metal selected from the 
group consisting of molybdenum, tantalum, and tungsten, 
and a member selected from the group consisting of an 
iron group metal and an iron group metal based alloy. 
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